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                 Mechanoluminescence (ML) and Thermoluminescence (TLLQȖ-irradiated Dy, Ce, Er and Gd 
doped CaF2 crystals were studied. The crystals of doped CaF2 were grown by the Bridgman technique. The 
cleaved crystals were annealed at 450
0 
C for about two hours and cooled very slowly and then irradiated for 
different time from 
60
Co source having an exposure rate of 2.8x10
3
 Gy/hr. ML was excited by applying 
uniaxial pressure on to the samples. Both the ML and TL intensities of CaF2 crystals increase with doping 
of rare earth impurities. Both the ML and TL intensity of Ȗ-irradiated Dy, Ce, Er and Gd doped CaF2 
crystals initially increase with increasing concentration of dopants obtaining an optimum value at 
PROH OHYHO WKHQ IXUWKHU GHFUHDVHVZLWK LQFUHDVLQJ GRSDQW FRQFHQWUDWLRQ0/ DQG7/ LQWHQVLW\ RI Ȗ-
irradiated Dy, Ce, Er and Gd doped CaF2 crystals initially increases with the irradiation dose and then 
VDWXUDWHVDWKLJKHUYDOXHVRIȖ-doses. The order of ML and TL intensity for dopants were found similar and 
their order for decreasing intensity is CaF2: Dy> CaF2: Ce> CaF2: Er> CaF2:Gd. The ML spectra are almost 
similar to the TL spectra, this suggest that the centres emitting TL and ML may be the same although 
different processes cause their excitations. 
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Introduction 
 
 Mechanoluminescence (ML) is the phenomenon of light emission induced by 
elastic deformation, plastic deformation and fracture of special class of solids [1, 2]. As a 
rough guide about 50% of inorganic salts and organic molecular solids can exhibit ML. 
The effective use of this phenomenon can be employed to detect mechanical stress 
remotely by converting mechanical energy into visible light [3, 4]. A number of different 
mechanisms (some as yet imperfectly understood) are required to account for the light 
emission. In this study we concentrate on CaF2 crystals which are nonpiezoelectric so that 
ML with a non gas discharge origin would not be masked by gas discharge ML [5]. 
Thermally stimulated luminescence (TL) is very important and convenient method of 
investigating the nature of traps and trapping levels in crystals. In general all 
thermoluminescent material also shows ML during or following their deformation. CaF2 
crystals have found increasing use in TL dosimetry. The close similarities observed in 
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ML and TL of alkali halide crystals [6-7] and sulphate based phosphor [8-9] attracted our 
interest to study ML and TL of rare earth impurity doped CaF2 crystals. 
Materials and Method 
 
             Single crystals of CaF2 doped with different concentration of Dy, Ce, Er and Gd, 
were grown by the Bridgman technique under 10
-6
 torr vacuum. To ensure the growth of 
the crystals with different concentration under same identical condition batch 
crystallization technique was used. For this a graphite crucible was used in which 25 
blind holes each of 5mm diameter and 3cm length were drilled in a single graphite rod. 
Fine powders of CaF2 and rare earth oxides were weighted and thoroughly mixed in 
various ratios of molecular percentage and each composition was filled in separate holes 
of the graphite crucible. 
 The crystal of small sizes (circular disc of 5mm diameter and 1mm thickness) 
ZHUHFOHDYHG IURP WKHJURZQFU\VWDOEORFNVDQQHDOHGDWÛC for 2 hours and cooled 
slowly. The gamma irradiation was carried out using a 
60
Co source having an exposure 
rate of 2.8×10
3
Gy/hr. For ML measurement a uniaxial pressure was applied periodically 
to the specimen by placing heavy loads with   almost zero velocity following the 
technique described else were [10]. The crystal was kept pressed till the intensity reaches 
zero approximately and then pressure 
 
 was withdrawn by releasing the lever. The ML 
intensity both at the time of pressing and release was recorded using an RCA 931 
photomultiplier tube, DC amplifier and an X-Y recorder.  The ML spectra during the 
application and release of pressure from the crystals were recorded using band pass 
filters. For TL measurement TLD reader was used. The TL spectra were recorded using a 
scanning monochromater and a photomultiplier tube. 
Results and Discussion 
 
Fig. (1) Shows the time dependence of the ML intensity of Ȗ-irradiated CaF2 :Dy 
(0.1 mole%) crystals produced during application and release of a load of 4 kg at dose 
rate of 2.8×10
3 
Gy/hr. It is seen that ML appears as soon as the pressure is applied and 
when the pressure is released. It is also observed that the ML intensity during releasing of 
pressure is less than the ML intensity observed during pressing. The ML intensity 
decreased with a successive number of applications and release of uniaxial pressure. 
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 Fig. (2) Shows the TL glow curves of irradiated Dy, Ce, Er and Gd doped 
crystals. In Dy doped CaF2
   
crystals peaks are observed at 117ÛC DQGÛC. In Ce doped 
CaF2 FU\VWDOVSHDNVDUHREVHUYHGDWÛC DQGÛC. In Gd doped CaF2 crystals peaks 
DUH REVHUYHG DW ÛC DQG ÛC. While in Er doped CaF2 crystals single peak is 
REVHUYHGDWÛC. 
 Fig. (3) Shows that total ML intensity increases with the irradiation dose and it 
DWWDLQVDVDWXUDWLRQYDOXHIRUKLJKHUYDOXHRIȖ-dose. Similar results have been obtained 
for TL measurement (Fig. 4).  
 Fig. (5) Shows the concentration dependence of total ML intensity IT of irradiated 
Dy, Ce, Er and Gd doped CaF2 crystals. It is seen that IT initially increases with 
concentration of dopants obtaining an optimum value at 0.1 mole % level then further 
decrease with increasing dopant concentration. Similar results have been observed for 
dependence of TL on concentration of dopant (Fig. 6). 
            Fig (7) and (8) show the ML and TL emission spectra of RE doped CaF2 crystals 
for 0.1 mole% concentration at a dose rate of 2.8×10
3 
Gy/hr respectively. Peaks of ML 
and TL emission spectra are given in Table 1. 
                                              Table 1 
Impurity Peaks of ML 
spectra (nm) 
Peaks of TL 
spectra (nm) 
Dy 
Ce 
Er 
Gd 
 
482,606 
482,606 
482,585 
539 
 
478,578 
320,486 
480,606 
380,580 
 
 
Several dislocation models have been proposed for ML excitation in colored 
crystal. On the basis of experimental results the appropriate model causing the ML 
excitation in irradiated CaF2: RE crystal is the dislocation mechanical interaction model 
[11]. This may be explained as follows; when the pressure is applied to the crystal; the 
dislocation sources become operative and mobile dislocations are produced. The 
dislocation moving under the action of external stress may interact with the hole trapping 
centre and capture holes. If moving dislocations containing holes encountered a defect 
centres containing electrons, the dislocation hole may be captured by these centres and 
luminescence arises. However, some of the holes may be retrapped in the vicinity of the 
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defect centres in the crystals. Hence the colour center or re-trapped holes or both of them 
may be responsible for ML emission during release of the pressure. The dislocations 
moving in backward direction may excite the hole trapping centers by similar mechanism 
as that described for the dislocations moving in forward direction. The decrease in ML 
intensity with successive pressings may be because when the same load is applied, the 
new dislocations are produced, whose number decreases with successive applications of 
load and the density of colour centers also decreases with deformation of the crystal. 
It is evident from fig. 7 and 8 that the ML and TL of Dy, Ce, Er and Gd doped 
CaF2 crystals show the characteristic emission of rare earth ions. Under exposure to 
ionizing radiation like X-UD\V Ȗ-rays, electron hole pairs are created. Some of the 
released electrons are captured by the impurity RE
3+
 ions reducing these to RE
2+
. The 
hole is captured in the host related centres. Warming of the irradiated samples causes 
these holes to get untrapped successively at different temperature depending on their 
thermal stability. The emission of light takes place when the thermally released hole 
recombines with a RE
3+
 state in an excited condition. The excited impurity ion by 
decaying to its ground state gives its emission characteristics of RE
3+
 ion. 
The increase in ML/7/ LQWHQVLW\ ZLWK Ȗ±dose attributed to increase of active 
OXPLQHVFHQW FHQWUHV ZLWK Ȗ LUUDGLDWLRQ DQG VXEVHTXHQW HPLVVLRQ RIML/TL due to re-
oxidation of RE
2+
 into RE
3+
 during deformation/heating. Thus the intensity increases in 
initial stage. The dosage saturation can be explained on the assumption that only limited 
QXPEHURI5(LRQVLVDYDLODEOHIRUFKDUJHUHGXFWLRQZLWKLQFUHDVHLQȖLUUDGLDWLRQ 
            Initially the number of active luminescence centres is expected to increase with 
concentration therefore the intensity increases initially with concentration. Since the rate 
of formation of active luminescence centres by capturing holes during the irradiation 
might be fading rapidly and concentration quenching is affected, so ML/TL intensity 
decreases with further increase in concentration. 
A large number of workers have reported the emission spectra of CaF2: RE 
crystals and there is a general agreement that the emission spectra of the crystals are the 
characteristics of the rare earth ion [5, 12, 13 and 14]. The spectral range from 430 to 500 
nm in CaF2:  Dy is due to 
4
F9/2 -
6
H15/2 transition and from 550 to 600nm is due to 
4
F9/2 -
6
H13/2 transition. The peak in ML emission of CaF2: Er around 578nm probably originates 
from transition 
4
S3/2 to 
4
P15/2. The peak in CaF2: Gd around 538 nm is due to 
6
P5/2 ± 8S7/2.  
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Conclusions 
 
 The following points are in accord with TL related to irradiated Dy, Ce, Er and 
Gd doped CaF2 crystals. Both the ML and TL intensity of irradiated Dy, Ce, Er and Gd 
doped CaF2 crystals initially increases with increasing concentration of dopant, obtain an 
optimum value at 0.1 mole% level then further decrease with increasing dopants 
concentration . Both the ML and TL intensity of irradiated Dy, Ce, Er and Gd doped 
CaF2 crystals initially increases with the irradiation dose and then saturates at higher 
values of gamma doses. The order of ML and TL intensity for different dopants were 
found similar and their order is as follows. 
CaF2: Dy >CaF2: Ce > CaF2: Er >CaF2: Gd 
On the basis of experimental results, it is concluded that although modes of 
excitation is different in ML and TL, similar centers are responsible for light emission in 
both the cases. 
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Gamma dose- 2806 Gy
0
5000
10000
0 0.1 0.2 0.3 0.4
Concentration(mole %)
T
o
ta
l 
T
L
 i
n
te
n
s
it
y
 
(a
rb
 u
n
it
s
)
CaF2:Dy
CaF2:Ce
CaF2:Er
CaF2:Gd
 
                                             Fig: 6 
  
438 N. Brahme et al. / Physics Procedia 2 (2009) 431–440
 9
          
0
5
10
15
20
25
400 500 600 700 800
Wavelength (nm)
M
L
 I
n
te
n
s
it
y
(a
rb
 u
n
it
s
)
CaF2:Dy(.1mole%)
CaF2:Ce(.1mole%)
CaF2:Er(.1mole%)
CaF2:Gd(.1mole%)
 
                                             Fig: 7 
 
 
 
          
0
5
10
15
20
200 400 600 800
Wavelength(nm)
T
L
 i
n
te
n
s
it
y
(a
rb
 u
n
it
s
)
CaF2:Dy(.1mole%)
CaF2:Ce(.1mole%)
CaF2:Er(.1mole%)
CaF2:Gd(.1mole%)
 
                                             Fig: 8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N. Brahme et al. / Physics Procedia 2 (2009) 431–440 439
 10 
 
 
 
Figure captions 
 
Fig.1. Mechanoluminescence intensity produced during successive 
           pressure (P) and release(R) of a load of 4 kg.  
 
Fig.2. TL glow curve of rare earth doped calcium fluoride crystals.  
 
Fig.3. Plot of total ML intensity versus gamma dose in rare earth doped calcium   
            fluoride crystals. 
 
Fig.4. Plot of total TL intensity versus gamma dose in rare earth doped calcium   
            fluoride crystals. 
 
Fig.5. Plot RIWRWDO0/LQWHQVLW\YHUVXVFRQFHQWUDWLRQRIGRSDQWVLQȖ- irradiated  
            rare earth doped calcium fluoride crystals. 
 
Fig.6. Plot of total T/LQWHQVLW\YHUVXVFRQFHQWUDWLRQRIGRSDQWVLQȖ- irradiated  
            rare earth doped calcium fluoride crystals. 
 
Fig.7. ML spectra of rare earth doped calcium fluoride crystals. 
 
Fig.8. TL spectra of rare earth doped calcium fluoride crystals. 
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